A randomized wait-list controlled trial (N = 295 university students) of the effects of the Transcendental Meditation program was conducted in an urban setting. Substance use was assessed by self-report at baseline and 3 months later. For smoking and illicit drug use, there were no significant differences between conditions. For alcohol use, sex X intervention condition interactions were significant; TM instruction lowered drinking rates among male but not female students. TM instruction could play a valuable role in reducing alcohol use among male university students. Limitations are noted, along with suggestions for further research.
Introduction
Substance use on American college campuses is a significant public health problem with adverse effects including but not limited to impaired academic performance, interpersonal violence, acute injuries, and increased risk of mortality [1] . Cigarette smoking is an established risk factor for coronary heart disease, among other disease states [2] . Clinical researchers have accordingly devoted extensive effort to developing and refining methods of treatment or means of secondary prevention to reduce substance use and its negative consequences [3] .
No matter how well such intervention programs work, they can only help those who enroll in them. Anyone choosing to participate in such a program must have identified substance use as a problem on which they would like to work. This conclusion could be prompted by advice from a parent, teacher, or physician, the concern of a roommate, mandate from a campus authority (e.g., in the wake of violation of an alcohol policy), or simply the burgeoning awareness that substance use has become excessive and is interfering in one's life. Unfortunately, this awareness, and the motivation to reduce substance use, may emerge only after an extensive period of problematic substance use.
Therefore, a potentially important contribution could be made by identifying an intervention method that has the effect of reducing substance use among college students but does not require that participants be motivated (at least initially) to make changes in this regard. Theory and past research suggest that the Transcendental Meditation (TM) technique may comprise such an intervention. TM practice involves a mental technique used twice daily for twenty minutes. It is described as a simple, natural, and effortless practice whereby a person experiences a state of restful alertness. TM practice involves two components: a suitable sound "mantra" specifically chosen for its facilitation of the process of settling the mind and a precise technique for using it. Thinking the sound leads the meditator to experience quieter and quieter aspects of his or her awareness, eventually experiencing complete silence.
TM instruction does not directly target changes in substance use, but it has been hypothesized that the technique should nonetheless lead to reduced substance use. In particular, "...these effects occur naturally as a by-product of neutralizing stress and experiencing greater inner fulfillment, with no attempt made to manipulate behavior, beliefs, or attitudes. As inner contentment and fulfillment grow, the need to seek gratification outside of one's self naturally subsides and addictive behavior falls off." [4, page 36 ].
Both qualitative [5] and quantitative [4] reviews of effects of TM practice on substance use have yielded strikingly positive outcomes. For instance, a meta-analysis of 19 studies showed, at an average followup of 10 months, mean effect sizes (relative to control conditions) of .55 for alcohol consumption, .87 for cigarette smoking, and .83 for illicit drug consumption [4] . In each case these effects compared favorably to effect sizes from meta-analyses of a range of other interventions.
Nevertheless, the empirical case for the TM program as a useful intervention in reduction of substance use on college campuses remains uncertain. Of the 19 studies included in a systematic review and meta-analysis [4] , for example, 13 either lacked control conditions or used control conditions not involving random assignment (e.g., "yoked" peer controls, in which a meditating participant recruits a nonmeditating friend to serve in the comparison condition). Only six studies included random assignment to conditions, making it possible to ascribe effects with confidence to the TM program itself rather than preexisting characteristics of those who elect to learn the method.
Of the six randomized experiments, two were conducted in college samples [6, 7] , only one of which was a published study [7] . In the published study, TM participants significantly decreased their rate of cigarette consumption over a 10-week period relative to a no-treatment control. However, sample size was small (n = 18 per condition), and no information was provided on the number of participants achieving complete abstinence from smoking. Additionally, the project was presented to participants as a study of smoking reduction, and smoking rates were self-monitored, so results are inconclusive with respect to a standard TM program in which smoking is not a content focus. Finally, this study did not provide information on alcohol or other drug use.
In short, TM practice appears to have the potential to fill a niche in the effort to reduce substance use on college campuses by decreasing use even among those not initially seeking a substance abuse treatment program, but the evidence base for such an effect is limited. Therefore, in the context of a randomized controlled trial of the TM program for college students, researching the effects on various health and lifestyle parameters, we examined data on cigarette smoking, illicit drug use, and alcohol use. We hypothesized that students assigned to the TM condition would reduce substance use over a three-month period compared to students assigned to a wait-list control condition.
Materials and Methods

Participants.
Participants were 295 students from universities in the Washington, DC area who responded to advertisements, newspaper stories, flyers posted on campuses, or public presentations concerning a study of the effects of the Transcendental Meditation program on brain functioning, cognitive development, and health. Effects on these other measures, aside from substance use, will be reported separately. The study was conducted at American University in collaboration with Maharishi University of Management Research Institute and was approved by Institutional Review Boards at both institutions.
Participants had to meet the inclusion criteria of (a) being an undergraduate or graduate student and (b) being enrolled in school through August 2006 (study enrollment began in January 2006). Forty-eight prospective participants were excluded for one or more of the following reasons: (a) systolic blood pressure over 140 or below 90 mm Hg, (b) diastolic blood pressure over 90 or below 60 mm Hg, (c) a history of hypertension, (d) history of coronary heart disease, (e) history of hypoglycemia, or (f) history of chronic fainting.
Of the 295 participants who provided informed consent and were randomized to a treatment condition and completed pretesting, 178 (60%) were women, and 117 (40%) were men. The average age was 25.48 years (SD = 9.03). The majority of participants (62%) were Caucasian. About onesixth (16%) were African-American, while 7% were AsianAmerican, 7% "other" race, 4% Hispanic, and 4% declined to report race/ethnicity.
Measures
2.2.1. Substance Use. Substance use was measured once at pretreatment and once again at posttreatment by way of a questionnaire embedded in several other self report measures (not relevant to this report). Participants were asked simply "Do you smoke cigarettes?", "Do you use non prescribed drugs (e.g., marijuana, amphetamines, cocaine/ crack)," and "Do you drink alcohol?". Anyone answering "yes" to any of these questions was directed to additional questions about quantity and frequency of recent consumption (cigarettes/day in past week, number of times using nonprescribed drugs in the past month, beers/glasses of wine/shots of hard liquor over the past week).
2.2.2.
Adherence. Adherence to the TM technique was measured via self-report at posttesting among those who had received TM instruction. Participants were asked how many minutes in each session they usually practiced the TM technique. They were also asked to describe the regularity of their practice of the TM technique over the preceding week (not at all, less than once/day, once a day, or twice a day). Participants reporting having practiced once a day or twice a day were considered adherent.
Procedure.
Students who expressed interest in participating in the overall study were scheduled for small group informational and testing sessions at baseline. At this session, a member of the research staff gave an overview of what the study would involve. A member of the TM instructional staff gave a brief description of the TM technique and answered students' questions. Students interested in enrolling then were given detailed information about study procedures, risks, and benefits and completed individual written informed consent with a member of the research staff.
After a 5-minute rest period, prospective participants had three blood pressure measurements taken one minute apart. The average of these three readings was used to determine eligibility for the study. Participants also completed the substance use inventory, demographic and medical history forms, and several other self-report instruments and cognitive ability tests not relevant to this report.
Participants who met the study criteria were subsequently randomized within blocks to (a) immediate TM instruction or (b) wait list/delayed start condition. The blocks used in random assignment were men versus women, crossed with presence versus absence of a diagnosis of attention deficit hyperactivity disorder (ADHD) per selfreport. The ADHD stratification was for the purposes of a separate substudy; 25 participants indicated that they had been diagnosed with ADHD.
Participants paid a reduced course fee of $50 at the beginning of TM instruction and were paid $25 for each assessment session completed. Assessments were conducted at baseline (pretest) and again approximately 3 months later (posttest) (The initial design plan for this project, the grant funding period, and the consent forms signed by participants were all based on including only the pretest and immediate posttest three months later. Subsequently, an additional year of funding was obtained, and we attempted to conduct a third assessment of the same sample of participants. A separate informed consent procedure was used, and the third assessment constituted a follow-up/maintenance evaluation for the original immediate-TM group, a postinstruction evaluation for the original wait-listed group. However, only 83 participants completed the third assessment (i.e., 28% of the randomized sample, 39% of the subsample who had completed the second assessment). Accordingly, we elected not to analyze and report data from the third assessment. Some of the original participants had graduated by the time we were recruiting for a third assessment. Others had left the country for study abroad programs, and others simply lost interest and declined further participation in the study.). All assessments were administered by research staff who were masked to the participant's treatment condition assignment. After the posttest evaluation, wait-list participants were offered TM instruction.
Intervention: The Transcendental Meditation Technique.
The Transcendental Meditation (TM) technique is described as a simple, natural, and effortless technique practiced for about 20 minutes, twice a day, while sitting comfortably with the eyes closed [8] . TM practice is intended to take the mind from active levels of thinking to the state of least mental activity. This experience of restful alertness-full self-awareness devoid of customary mental content-is called "Transcendental Consciousness" [9] [10] [11] . TM practice is not intended simply as a relaxation method-it also promotes increased alertness. The primary areas of brain activation during TM practice have been localized to prefrontal executive circuits and anterior cingulate attention circuits in an MEG study [12] and EEG coherence studies [13, 14] and in frontal and parietal areas as demonstrated in a preliminary PET study [15] . Other physiological correlates have been reviewed [16] .
The TM technique is taught in a series of 7 standardized steps [8] . The preparatory steps include an introductory lecture, which offers a review of previous scientific research on the TM program and a vision of possible benefits through regular practice, a preparatory lecture, which offers a review of the mechanics and origin of the TM technique, and a personal interview, in which a qualified teacher of the TM program gathers basic information from the student to aid with the personalization of instruction. The introductory and preparatory lectures last about 90 minutes and take place in a group setting. The one-on-one personal interview lasts 10 minutes.
The next step in learning the TM technique is personal instruction. In this study, personal instruction was conducted by a male teacher for male students and by a female teacher for female participants. It was believed that having a same-sex instructor would be more comfortable for the one-on-one personal instruction meeting, which lasts about 90 minutes. It is followed by three 90-minute group "checking" sessions. On the first day of checking, verification of the correctness of TM practice and further instruction take place. The goal of the second day of checking is the understanding of the mechanics of the Transcendental Meditation technique from personal experiences. Finally, the goal of the third day of checking is the understanding of the mechanics of development of higher states of wellness and health through the TM program. Once the third checking session was completed, the student was invited to attend individual meetings with the TM instructor to check on the mechanics of the TM practice. These meetings, of about 30 minutes each, are held weekly for the first month after the basic course, then monthly thereafter. Finally, weekly (group) knowledge meetings were available for those who were interested.
Instructors.
Two very experienced instructors (one female, one male) taught the TM technique to participants. Each had been practicing the TM technique for over 35 years at the time the study was conducted. Each was initially certified as a TM teacher in the early 1970s by Maharishi Mahesh Yogi after a 6-month in-residence, fulltime training period with him. Both instructors have completed numerous advanced training courses for TM teachers and were recertified as TM teachers in 2005.
Data
Analysis. Treatment effects were tested for each substance separately (cigarette smoking, illicit drug use, alcohol use). In each case, the subsamples analyzed were those who (a) were using that substance at pretest and (b) completed both pre-and posttest assessments. Chi-squared tests were used to compare the TM and wait-list groups on the frequency with which pretest substance users reported abstinence at posttest. Analyses of covariance were used to test intervention effects on amount of substance use. When sample size permitted, sex differences were evaluated, in view of previous research indicating sex differences in the extent of drug use among college students [17] , in the correlates of alcohol use among college students [18] , and in response to substance use interventions [19] .
Results
Preliminary Analyses.
Participants were excluded, based on a priori decision rules, if they reported at baseline any of the following: (a) more than 80 cigarettes/day, (b) illicit drug use on more than 90 occasions in the past month, or (c) more than 42 drinks/week, as these reports were considered not believable. Three participants were excluded on this basis. One had claimed illicit drug use 100 times in the past month, another 49 drinks/week and 260 occasions/month of illicit drug use, and the third 92 drinks/week and 210 occasions/month of illicit drug use. All subsequent analyses are based on the remaining 292 participants after this exclusion.
Pretreatment Equivalence of Groups.
To evaluate the success of random assignment, the 147 participants assigned to immediate TM instruction and the 145 participants assigned to wait list were compared on demographic and substance use variables (chi-square tests for discrete measures and t tests for continuous measures). None of these tests approached significance, suggesting that randomization was successful in generating substantially equivalent participant groups at the outset of the study.
Attrition. Of the 292 participants, 218 (75%) completed the second assessment, after the TM group had received instruction. Table 1 shows the demographic and pretreatment substance use characteristics of completers and attriters. As can be seen in the table, attriters were more likely to have reported at baseline use of illicit drugs in the previous month. Gender, age, and prevalence of smoking and drinking did not differ, nor did rates of use of any substance among those who used at all.
Treatment Effects on Smoking
3.3.1. Abstinence. The sample for this analysis was completers only (i.e., participants with posttest data available), who had reported smoking at the baseline assessment. Only 37 (13%) of our participants smoked cigarettes at baseline, and of these 25 (68%) completed the posttest assessment. Of the 11 smokers in the immediate-TM condition, 3 (27%) reported abstinence at posttest. Similarly, of the 14 baseline smokers in the wait-list condition, 4 (29%) reported abstinence at posttest, a nonsignificant difference between groups, chi square (df = 1, N = 25) = 0.01, NS.
Smoking Rate.
Self-reported smoking rate at posttest was not normally distributed (Kolmogorov-Smirnov Z = 1.56, P < .05, with skewness = 2.53 and kurtosis = 5.81). For the purposes of inferential statistical analysis, we therefore used transformed data. Taking the natural log of (# posttest cigarettes/day + 1) reduced skewness to 0.66 and kurtosis to −0.42. Treatment condition effects were evaluated in an ANCOVA with condition (TM instruction versus waitlist) as the independent variable, log-transformed pretest cigarettes/day as the covariate, and log-transformed posttest cigarettes per day as the dependent variable. The treatment condition effect was nonsignificant, F (1, 22) = 0.05, NS. Table 2 shows the (untransformed) average cigarettes per day at pretest and posttest among baseline smokers in each condition. 
Treatment Effects on Illicit
Frequency of Use.
Posttest self-reported frequency (over the preceding month) of illicit drug use, among those using at all at baseline, was not normally distributed (Kolmogorov-Smirnov Z = 1.67, P < .05, skewness = 2.43, kurtosis = 5.62). Taking the natural log of (posttest frequency of use in past month + 1) reduced skewness to 0.54 and kurtosis to −0.80. Treatment condition effects were evaluated in an ANCOVA with condition (TM instruction versus waitlist) as the independent variable, log-transformed pretest drug use occasions in the past month as the covariate, and log-transformed posttest drug use frequency as the dependent variable. The treatment condition effect was nonsignificant, F (1, 33) = 2.73, NS. Table 2 shows the (untransformed) average frequency of use of illicit drugs in the past month at pretest and posttest among baseline drug users in each condition.
Treatment Effects on Drinking.
Almost three-fourths (74%) of our participants reported drinking alcohol at pretest, consistent with other studies of American college samples [20] . Of the 217 participants who reported drinking alcohol at baseline, 161 (74%) completed posttesting. Thus, alcohol was the one substance for which we had enough pretest substance users to conduct meaningful analysis of sex differences in treatment response.
Abstinence.
There was a significant three-way interaction of treatment condition X sex X posttreatment abstinence, chi square (df = 1, N = 161) = 4.71, P < .05. Observed cell frequencies appear in Table 3 . Among men, 17% of those who drank at baseline and were assigned to the TM condition reported abstinence at posttest, a nonsignificantly greater proportion than in the wait-list condition (6%), chi square (df = 1, N = 65) = 2.28, NS. Among women, on the other hand, there was a nonsignificant effect in the other direction. Of those who reported drinking at pretest, 4% reported abstinence at posttest in the TM condition, compared to 14% in the waitlist condition, chi square (df = 1, N = 96) = 2.42, NS. Combining men and women, in each treatment condition 10% reported abstinence from alcohol at posttest, chi square (df = 1, N = 161) = 0.04, NS. 
Drinks per Week.
Descriptive statistics for (untransformed) drinks per week at pretest and posttest, separately by gender and by treatment condition, appear in Table 4 . The distribution of self-reported drinks per week (M = 5.44, SD = 6.97) at posttest was significantly nonnormal, Kolmogorov-Smirnov Z = 2.75, P < .05, with skewness = 2.15 and kurtosis = 5.38. Accordingly, for inferential statistical analyses we utilized transformed data. Taking the natural log of (# posttest drinks/week + 1) reduced skewness to .13 and kurtosis to −1.03.
Analysis of covariance, with transformed drinks/week at posttest as the dependent measure and transformed drinks/week at pretest as the covariate, yielded significant main effects for treatment condition, with TM participants drinking less than did wait-list participants, F (1, 154) = 3.93, P < .05, and for sex, with women drinking less than did men, F (1, 154) = 4.16, P < .05. There was also a significant sex X treatment condition interaction, F (1, 154) = 5.20, P < .05. We therefore examined treatment condition effects in analyses of covariance conducted separately by sex. For women there was no significant difference between treatment conditions, F (1, 91) = 0.13, NS. For men, however, there was a significant effect of treatment condition, F (1, 62) = 7.10, P < .05. As can be seen in Table 4 , the direction of this effect was in favor of the TM condition; drinks per week decreased from pretest to posttest among men in the TM condition but increased among men in the wait-list condition.
Secondary Analyses.
The recommended practice schedule for TM participants is twice per day, but as noted in the Method section we opted for a standard of adherence a bit more lenient than this ideal scenario. In particular, participants were considered adherent if they reported at posttest having practiced the TM technique at least once a day over the preceding week. By this standard, about two-thirds (65%) of participants in the TM condition were adherent. A series of secondary analyses (Details of these analyses are available from the corresponding author) showed no significant differences in posttest substance use, either in rate of use or in likelihood of abstinence, for cigarettes, alcohol, or illicit drugs, between adherent and nonadherent participants in the TM condition.
Discussion
In a pre-post (three-month) randomized wait-list-controlled trial of the effects of the Transcendental Meditation (TM) program on substance use among university students, results differed by substance and by gender. There were no significant differences between TM instruction and a wait-list control condition in leading to cessation or reduction of cigarette smoking or use of illicit drugs. With respect to alcohol use, gender was a significant moderator of TM effects on abstinence as well as average intake. TM instruction did not differ from wait-list control for women, but TM instruction reduced drinking among men.
Reviews of earlier research indicating favorable effects of TM practice in lowering substance use [4, 5] have not reported sex differences in response to TM instruction. Similarly, a well-developed area of TM research concerns its impact in reducing blood pressure, and blood pressure reductions have been obtained in both sexes [21] . It is therefore not entirely clear why men were more responsive to TM instruction in our study with respect to reducing or eliminating alcohol consumption. As indicated in the Method section, individual TM instruction was completed by same-sex instructors, so it is possible that an instructor effect is showing up in our results as a sex difference in response to the TM program. Alternatively, male participants may simply have had more room to change their drinking habits, for they drank more at the outset (see Table 4 ). Given these uncertainties, we believe that future research on TM instruction and substance use should report results separately by sex in order to determine the replicability of our findings.
A further question, aside from the sex differences in intervention effects on drinking, is why the effects of TM instruction were not more favorable across the board. Earlier research [5] had led us to hypothesize that TM instruction would alter cigarette smoking, illicit drugs, and alcohol use relative to wait-list control. We believe that several explanations for the lack of more consistent, robust effects of TM instruction in this study deserve consideration.
First, the TM program may in general have the effect of reducing substance use, but this effect might be weaker in university settings. As noted in the Introduction, a majority of prior studies reporting lowered drug use after TM instruction were not conducted in college settings, were not randomized trials, or both. The influence of a peer culture conducive to substance use might offset to some extent the benefits of TM practice to the individual student's psychological well-being.
Second, TM effects on substance use may be minimized in the university context because there are other environmental mechanisms operating to reduce substance use. In other words, the university context, or at least the one studied here, might actually tend to create floor effects such that detecting any impact of TM practice is more difficult. For example, the campus on which this study was conducted is "dry," such that possession or use of alcohol on campus is a violation of university policy. Moreover, cigarette smoking is banned in most places on campus (e.g., residence halls, classroom buildings). Illicit drug use is of course illegal anywhere, but it is perhaps more likely to be detected in a setting in which one lives and works among large numbers of peers as well as authority figures such as dormitory RAs. Consistent with this explanation, cigarette smoking and illicit drug use rates were low in our sample, detracting from statistical power for showing intervention effects on these variables.
Third, our measurement methods may have been problematic, in two ways. We relied on self-report and did not include biochemical corroboration. This feature was a constant across experimental conditions, and participants were assured of the confidentiality of their responses. However, in view of the sensitive nature of some of the variables (illegal drugs and for participants under the legal drinking age alcohol use), it is possible that participants would be inclined to underreport use.
Moreover, posttest self-reports of substance use were collected with respect to the past week (cigarettes, alcohol) or past month (illicit drugs) only. We did not incorporate detailed interviews or self-monitoring methods covering the entire three-month intervention period. Self-monitoring might be obtrusive and therefore reactive in a study of an intervention such as the TM program that does not directly address substance use [22] . Future studies, however, might do well to use timeline follow-back interviews [23] at posttest to obtain a more thorough, fine-grained analysis of substance use rates and patterns of use. For example, the health implications of 7 to 9 drinks per week for a young man (our preintervention means; see Table 4 ) are quite different if the male student is having one drink each day than if he is having one drinking binge on the weekend.
Fourth, perhaps TM practice would show consistent effects in reducing substance use only among those who are highly motivated to seek out instruction. We did not measure participants' motivation, either in general or with specific reference to the possibility that some might have wanted to learn TM in order to reduce substance use. Participation in our project was of course voluntary, but the volunteers were solicited through conspicuous advertisements and other promotional materials. Instruction took place within walking distance of where most participants lived, and fees were drastically reduced-indeed, a participant who took part in both assessments received compensation equal to the cost of TM instruction for the study. Future studies could address this possibility by enrolling participants only from among those who learn about and initiate involvement in the TM program through customary referral sources and by measuring motivation directly. In the meantime, though, psychotherapy outcome data suggest that recruitment methods are unlikely to play a large role in determining results of clinical trials. Studies of "solicited volunteers" and studies of patients referred through routine clinical channels appear to obtain similar results [24] .
Finally, it could be that the "dose" of TM practice in our project was insufficient to show significant reductions for both sexes in all substance use categories. One limiting factor in this respect is nonadherence. Simply being instructed in the TM program would not be expected to lower drug use if the student does not continue to practice. Only about twothirds of TM participants reported practicing at least once per day. Secondary analyses did not show a relation between adherence and substance use, but it remains possible that full adherence (100% of those in the TM condition practicing twice per day) would have yielded stronger effects of the TM program on substance use.
Another aspect of the "dose" issue is the relatively brief (3 months) duration of our study. Both retrospective [25] and prospective [26] studies of substance use among TM practitioners have indicated that its effects may be gradual and cumulative, with cessation occurring as long as two years after initiation of TM practice. Only a longer-term randomized controlled trial of the TM program with college students could fully evaluate this possible explanation of our results.
Conclusions
In conclusion, we found no evidence of an effect of Transcendental Meditation (TM) instruction on cigarette smoking or illicit drug use among university students, but TM instruction did lower alcohol use among male participants. Given that male students are more likely than female students to have alcohol use disorders [27] , the impact of TM practice on alcohol intake among men is a very encouraging result. Additional studies with larger samples of baseline substance users (particularly for cigarettes and illicit drugs), multimethod assessments of substance use, higher adherence to the recommended twice daily practice, and a longer period of TM practice would be needed before concluding definitively that the TM program does not also reduce drinking among female students or illicit drug use or cigarette smoking in college student samples of either sex.
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